Abstract. In this work we show a technique that allows for the musical interpretation of the brightness variations of stars. This method allows composers a lot of freedom to incorporate their own ideas into the score, based on the melodic line generated from the quantitative data obtained from the stars. There are a wide number of possible applications for this technique, including avant-garde music creation, teaching and promotion of the association between music and science.
. These sonifications have received the attention of the New York Times and were featured in an article entitled "Listening to the Stars" 2 . Additionally, there are few groups working in the sonification of diverse astronomical events, including gamma ray bursts (for a list of examples see Table 1 ). However, in the context of stellar light curves sonifications, they do not necessarily represent an artistic representation of the light curves, nor are they musically attractive. In this article, we propose a new method of converting star light curves into music, so that the resulting music would be more aesthetically pleasing to the human ear. This method is a new way of creating music and has the potential to become a powerful tool for the development of avant-garde music, for musical teaching, for providing a listening experience to visually impaired people, based on astronomical data and phenomena, and for encouraging public interest in astronomy. To create our first composition, we choose the star RV Tauri (α2000 = 04:47:06.7, δ2000 = +26:10:45.6), the prototype of the variable stars dubbed RV Tau stars, characterized by almost regular bright oscillations. These oscillations are characterized by alternating brightness minimums that are modulated on irregular fashion. The AAVSO data available on-line (www.aavso.org) indicates that RV Tauri has a period of around 78 days and shows two maxima at V magnitude around 9.0, a minimum around magnitude 10.0, and another minimum about 0.5 magnitudes fainter. This behavior cannot be fully explained, but is believed to be caused by chaotic stellar pulsations.
Another reason we chose this star is because we had access to high-quality bright variation data that was collected over several years. The light curve was obtained from
The All Sky Automated Survey catalog To create the musical composition, the magnitudes of the star were converted into musical notes using the following equation: As a consequence, one unit of normalized magnitude corresponds to one semitone. We assigned only 24 semitones to avoid excessive chromaticism; however, this parameter could be changed by a composer to include more chromaticism or include microtonality, if desired. Also, the composer could choose between using high magnitude values to higher tones or vice versa only by assigning the higher normalized value to the higher note of the 24 semitones or the lower normalized value to the higher tone (see Table 2 ). By artistic reasons in this work we used higher normalized values to higher tones (Option 1 in Table 2 ). A preliminary tone assignment for the RV Tauri data was created following the information of Table 1 . Then, after the definition of the rhythm for the music, it was assigned a key with 3 sharp alterations (A major), that fitted the chromatism of the melodic line generated by the stellar information, while keeping the pitches of the notes. Then, considering artistic reasons (to suit the capabilities and range of a string orchestra) the melodic line was transposed to E major (4 sharps) and finally, accidentals were eliminated enharmonically to simplify the interpretation by musicians.
Consequently, the range of the stellar melodic line in the final score goes from G4 to G6.
The rhythm was assigned based on the time interval between magnitude measurements in Heliocentric Julian days using the following equation:
Where: tN= Normalized time interval Once obtained the normalized time interval, we assigned the rhythm based in a range that goes from eighth notes to whole notes (see Table 3 ). This method allows for Any gap in the brightness measurement created longer notes. However, the creation of rests is under criteria of the composer. In the music conceived for this paper no rests were used since our goal was to produce a feeling of continuity in the music. This criterion was used because a variable star only has changes in its brightness and not interruptions.
Table 3. Assignment of rhythm after normalization of time intervals between
Heliocentric Julian days for RV Tauri data.
Note: If more rhythmic richness is desired, the assignment can be initiated from thirtysecond or sixteenth note. Also, a specific interval for dotted notes could be assigned.
Normalized time interval
Quarter note 4 to 15.99
Half note 16 to 63.99
Whole note Over 64
Ligated whole notes
Once the melodic line from the stellar data was created (Figure 2) , the orchestral arrangement started with a pedal note based on the tonic note of the key use for the music (E major), and was structured as a four-voice canon with a major sixth interval. It should be noted that at this stage, the composer has complete freedom to arrange the composition based on the stellar melodic line. The score present here is only one of infinite possibilities and denotes the richness and potential of this method for the creation of new music, where even one star allows for the creation of an immense range of new music. Then, the violas begin in the fifth measure and finally, the cellos in the sixth measure.
From there, the musical body is developed by following melodic line derived from the star, until the last musical note corresponds to the last magnitude measured. At this point, the canon is ended to give a sense of completion, as is necessary for a musical score ( Figure 3 ). The full score and the audio file can be downloaded as supplementary files. 
